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http://dx.doi.org/10.1016/j.jds.2013.0Abstract Background/purpose: A few studies have compared the osteopromotive effect of
different membranes, but soft tissue response to various membranes has not been thoroughly
investigated. The purpose of this study was to investigate the impact of various exposed regen-
erative membranes on gingival soft tissue healing.
Materials and methods: Ten adult Taiwan dogs weighing 10e12 kg were used. After administra-
tion of local anesthesia, buccal gingival areas of the maxillary canines on both sides were dis-
infected with b-iodine. Punch-out lesions of 5 mm2  5 mm2 were made, 3 mm away from the
gingival margin, using a 5-mm punch. Various barrier membranes (7 mm2  7 mm2) were placed
under the mucoperiosteal flap. Test membrane materials included collagen, expanded polyte-
trafluoroethylene (e-PTFE), and high density PTFE (n-PTFE). The sites without barriers served
as controls. The lesions were measured and photographed 1 week and 2 weeks after surgery.
Histologic sections were prepared at 2 weeks to observe barrier-tissue integration and the in-
flammatory condition.epartment College of Oral Medicine, Taipei Medical University, 250 Wu Shin Street, Taipei 110, Taiwan.
tw (H.-K. Lu).
iation for Dental Sciences of the Republic of China. Published by Elsevier Taiwan LLC. All rights reserved.
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Barrier membranes and soft tissue healing 137Results: The lesion size in the collagen group decreased in 1 week and the lesions almost
completely healed in 2 weeks as compared with the control group. Lesion size increased 1
week after surgery for both groups of e-PTFE and n-PTFE. ANOVA analysis of the 1-week lesions
showed that the differences in defect size among the four groups were statistically significant
(P < 0.001). A posthoc test (Bonferroni) showed that the differences between collagen and
n-PTFE, between control and n-PTFE, and between e-PTFE and n-PTFE were significant. The
other three pair-wise comparisons among collagen, control, and e-PTFE were nonsignificant.
Lesion size and inflammatory reaction increased for the nonexfoliated sites. Histologic exam-
ination of the punch-out tissue margin of e-PTFE group showed ingrowth of fibrous connective
tissue. No tissue integration was observed in the n-PTFE group. Compared with the control
group, complete regeneration of oral epithelium was observed and the collagen membrane
appeared intact 2 weeks following surgery.
Conclusion: In the present study, collagen membranes may promote punch-out soft tissue
healing whereas e-PTFE and n-PTFE interfered with healing. The impact of soft tissue healing
on the efficacy of guided bone regeneration deserves further evaluation.
Copyright ª 2013, Association for Dental Sciences of the Republic of China. Published by Else-
vier Taiwan LLC. All rights reserved.Introduction
Osteopromotion based on the principle of guided tissue
regeneration aims at promoting osteogenesis by physically
sealing off tissue compartments with a barrier membrane
in order to exclude soft tissue cells that would interfere
with osteogenesis. A secluded space would have permitted
the migration of osteoprogenitor cells from bone marrow,
which would have formed new bone.1 Nonresorbable
expanded polytetrafluoroethylene (e-PTFE) membranes
have been predominantly used for this purpose; however,
their use requires a second surgical procedure. By
contrast, the use of bioabsorbable membranes, such as
copolymers of polylactide and polyglycolide and collagens
obviates the need of a second procedure to remove the
membrane.2
Ideal barrier materials should possess good tissue inte-
gration, cell exclusive ability, clinical manageability, space
making, biocompatibility, and an appropriate resorption
time. There is no membrane currently available that fulfills
all of the above criteria.3 It has been postulated that
barrier membranes should be permeable for exchange of
fluids with putative nutritive or instructive function;
however, Schmid et al demonstrated that membrane
permeability is not necessary for the guided regeneration
of new bone.4 Simion et al also demonstrated complete
bone fill of saddle-type defects regardless of the type of
membrane microstructure used.5 The biological properties
of various barrier materials have seldom been compared.
The adhesive ability and morphologic characteristics of
cells on different barrier membranes are different and
their significance on bone regeneration needs further
evaluation.
PTFE was first developed in 1958. This material appeared
to be biocompatible and well tolerated. The expanded form
consists of a microstructure of nodes interconnected by fine
fibrils.6 e-PTFE is themost commonly usedmaterial in guided
bone regeneration techniques. Piattelli et al found bone on
the external surface and inside the interconnected nodes of
e-PTFE membrane after retrieval from surgical sites.7 Thisbonemaybe important in tissue integration of themembrane
with subsequent wound stabilization and clinical success. At
present, e-PTFE membrane is considered to be one of the
best regenerative barrier materials after 20 years of clinical
evidence-based outcome assessment. TefGen (Lifecore
Biomedical Inc., Chaska, MN, USA) is a nonresorbable, high
density PTFE (n-PTFE) barrier material, through which only
small biomolecules may pass. The risk for soft tissue cells or
bacteria penetration is considered to be relatively low. No
controlled clinical trials have been performed for this prod-
uct. Resorbable membranes made of collagen and polylactic
acid and polyglycolic acid (PLA/PGA) have been proposed for
the treatment of bone defects. Simion et al, Zitzmann et al,
and Friedmann et al have demonstrated that resorbable
membranes in combination with bone grafts promoted sig-
nificant amounts of peri-implant bone fill and can be a useful
alternative to e-PTFE membranes.8e10
Chiapasco et al found that guided bone regeneration
presented a high risk of infection because of wound
dehiscence and membrane exposure.11 Clinical studies
have indicated that membrane exposure had adversely
affected guided bone regeneration.12,13 Lekholm et al,
Lang et al, and Simion et al found that early removal of
membrane or membrane exposure decreased bone forma-
tion resulting in incomplete defect bone fill.12,14,15 Chen
and Dahlin suggested connective tissue grafting for primary
closure of extraction sockets treated with osteopromotive
membrane technique to provide predictable bone forma-
tion.16 Soft tissue coverage and wound stability are
important for bone regeneration.
At present, little information is available on the tissue
response of different membrane materials. Methods should
be developed and standardized to evaluate the effect of
various barrier materials on soft tissue healing. Some
studies have compared the osteopromotive effect of
different membranes, but soft tissue response to various
membranes has not been thoroughly investigated. The
purpose of this study was to compare tissue integration and
soft tissue healing response of various barrier membranes
using an in vivo dog model.
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Animals
Ten adult Taiwan dogs of 10e12 kg were used in this study.
This study was performed following the guidelines for care
and use of the laboratory animals of Animal Care Commit-
tee, National Yang-Ming University.
Surgical procedure
After anesthesia with ketamine and rompun (0.2 mL/kg) and
local infiltration with 2% lidocaine (Dentsply International
Inc., York, PA, USA), buccal gingival areas of the upper ca-
nines on both sides were disinfected with betaiodine and
punch-out lesions of 5 mm2  5 mm2 were created using a 5-
mm punch (BioMend, Sulzer Calcitek Inc, Carlsbad, CA,
USA), 3 mm away from gingival margin. Two vertical incisions
were made distal to the lateral incisor and mesial to the first
premolar. Mucoperiosteal flaps were carefully elevated and
various barrier membranes of 7 mm2  7 mm2 were placed
under theflap, 2mmaway fromthepunch-outmargin (Fig. 1).
Membrane materials included collagen (BioMend), e-PTFE
(GTAM;WLGore and Associates, Inc., Flagstaff, AZ, USA), and
n-PTFE (TefGen). The sites without a barrier served as con-
trols. Flapswere then repositioned and suturedwith a 3-0 silk
or synthetic polyglycolic acid suture (EU-TEK; Unik, Taipei,
Taiwan). Animals were fed with a soft diet for 2 weeks.
Measurement of lesion size and procedures of
histologic examination
The lesion size was measured horizontally and vertically to
the nearest millimeter and photographed in 1 week and 2Figure 1 Mucoperiosteal flaps were carefully elevated and variou
flap, 2 mm away from the punch-out margin. The sites without a
tioned and sutured with a 3-0 silk or synthetic polyglycolic acid
membrane.weeks following surgery. Sutures were removed 7 days after
surgery. Histologic sections were prepared 2 weeks
following surgery to observe barrier-tissue integration and
inflammatory condition. Tissue blocks were excised,
including soft tissue, membranes, and underlying perios-
teum. Blocks were fixed in 10% buffer formalin and pro-
cessed for paraffin embedding. Sections of 4e8 mm in
thickness were prepared in the sagittal plane. Sections
were stained with hematoxylin and eosin.Results
Healing was uneventful in all animals. Figs. 2 and 3 illus-
trate soft tissue healing of defects in 1 week and 2 weeks
after surgery, respectively. Compared to the controls,
healing in the collagen group was faster and lesion size
decreased in 1 week and more lesions were completely
healed in 2 weeks (Table 1). Lesion size increased 1 week
after surgery in both e-PTFE and n-PTFE groups. The mean
defect size was 27.5 mm2, 15.4 mm2, 13.2 mm2, and
5.4 mm2 for n-PTFE, e-PTFE, control, and collagen,
respectively. ANOVA analysis of the lesions in 1 week
showed that the differences in defect size among the four
groups were statistically significant (P < 0.001). A posthoc
test (Bonferroni) showed that the differences between
collagen and nPTFE, between control and n-PTFE, and be-
tween e-PTFE and n-PTFE were significant. The other three
pair-wise comparisons among collagen, control, and e-PTFE
were nonsignificant.
Compared to the control, complete regeneration of oral
epithelium was observed more frequently and the collagen
membrane appeared intact 2 weeks following surgery.
Temporary exposure of collagen membranes did not inter-
fere with membrane-tissue integration and gingival healing.s barrier membranes of 7 mm2  7 mm2 were placed under the
barrier membrane served as controls. Flaps were then reposi-
suture. (A) Control; (B) e-PTFE; (C) n-PTFE; and (D) collagen
Figure 2 Soft tissue healing of defects in 1 week. (A) Control; (B) e-PTFE; (C) n-PTFE; and (D) collagen membrane.
Barrier membranes and soft tissue healing 139Minor gingival recession on the defects treated with
collagen membranes may be due to trauma from flap
elevation and food impaction. Part of e-PTFE and n-PTFE
barriers were not integrated with gingiva and exfoliated 2
weeks after surgery. Lesion size and inflammatory reaction
increased dramatically 2 weeks after surgery over the
nonexfoliated sites, whereas soft tissue response of the
exfoliated sites appeared less inflamed and healed faster.
The problem with the data analysis for Week 2 is that it is
not possible to know what the sites without membrane
would have looked like if the membranes had not exfoli-
ated. Therefore, using only sites with membranes for
analysis will cause biases in comparisons. Also, exfoliationFigure 3 Soft tissue healing of defects in 2 weeks. (A) Contof membranes allowed better healing, as it is already
proven that the presence of nonresorbable membranes in-
terferes with soft tissue healing.
Histologic examination of the soft tissue healing of de-
fects was exhibited in Fig. 4. Complete regeneration of oral
epithelium was observed and collagen membrane appeared
intact 2 weeks following surgery (* in Fig. 4D). Compared to
the control, e-PTFE-treated site (* in Fig. 4B) showed blood
clots with lots of inflammatory cells around the membrane
(Fig. 4B, arrow). n-PTFE membrane was detached from the
tissues (Fig. 4C) and no tissue integration was observed.
Epithelium (E) grew into the area between the tissues and
membrane near the exposed area. Several inflammatoryrol; (B) e-PTFE; (C) n-PTFE; and (D) collagen membrane.
Table 1 Defect size of various exposed barriers at 1 week
and 2 weeks after surgery.
Treatment
groups
Defect size
at 1 wk (mm2)*
Defect size
at 2 wk (mm2)
Control 1 7.1 0.8
Control 2 16 6
Control 3 16 0
Control 4 7.1 3.1
Control 5 20 3.1
e-PTFE 10 d (exfoliated)
e-PTFE 12 d (exfoliated)
e-PTFE 19.6 19.6
e-PTFE 19.6 19.6
e-PTFE 16 50
n-PTFE 19.6 d (exfoliated)
n-PTFE 28.3 70
n-PTFE 19.6 3.1
n-PTFE 28 d (exfoliated)
n-PTFE 42 d (exfoliated)
Collagen 2 0
Collagen 3.1 0
Collagen 12 0.8
Collagen 7.1 0.8
Collagen 3 6
PTFE Z polytetrafluoroethylene.
*ANOVA analysis showed that the differences in defect size
among the four groups were statistically significant (P < 0.001).
A posthoc test (Bonferroni) found that the differences between
collagen and n-PTFE, between control and n-PTFE, and be-
tween e-PTFE and n-PTFE were significant. The other three
pair-wise comparisons among collagen, control, and e-PTFE
were not significant.
140 S.-Z. Dung et alcells (Fig. 4C, arrow) with less dental biofilm were observed.
Punch-out tissue margin of e-PTFE showed blood clots with
numerous inflammatory cells around and within the mem-
brane (Fig. 5C). Areas of membrane exposure showed
extensive bacterial colonization and penetration (Fig. 5D).Discussion
To the best of our knowledge, the present study is the first
to compare soft tissue response of various barrier mem-
branes for guided tissue regeneration directly. The findings
indicate that collagen membrane promoted, whereas
e-PTFE and n-PTFE membranes inhibited, healing of soft
tissue fenestration defects in dogs. Similar to the findings of
Fritz et al, the tissue margins around exposed PTFE mem-
branes were very red, edematous, and bled easily.17 The
studies of Fritz et al and Simion et al, and data from
the present study indicate that bacteria are detected at the
exposed outer surface of e-PTFE membranes as well as
inner surface of the membranes in contact with deeper
tissues.17,18 Putative periodontal pathogens may increase
inflammatory tissue response around exposed mem-
branes.17,19 Lesion size and inflammation intensity in the e-
PTFE and n-PTFE groups increased with time. Interference
with the vascular supply to the flap by PTFE membranebarrier may account for the increase in defect size.20
Although n-PTFE barriers may prevent bacterial invasion,
their minimal tissue integration gives rise to their exfolia-
tion. Tissue integration of the e-PTFE membranes was bet-
ter, but bacterial penetration was noted when membrane
exposure occurred. Simion et al and Nowzari and Slots indi-
cated that bacterial contamination leads to unsuccessful
bone regeneration.15,19 In a dog study, trauma due to food or
hair impaction may occur, especially on the canine teeth. In
this study, we tried a soft diet when dog hair appeared
trapped in the lesions. This might be why PTFE membrane
exfoliated and gingival tissue receded. Normally, mem-
branes were not fixed in the GBR procedure and should be
considered if exfoliation frequently occurred.
Clinical and histological data from this study demon-
strate that collagen membranes provide the best tissue
integration ability, followed by e-PTFE and n-PTFE mem-
branes. Payne et al and Dung et al found that gingival fi-
broblasts did not adhere well on e-PTFE membrane.21,22
Payne et al also showed that gingival fibroblasts did not
migrate well on e-PTFE and Guidor membranes. Salonen
and Persson also demonstrated that gingival epithelial ex-
plants had poor adhesive and migratory ability on e-PTFE
membrane.23 Additionally, Locci et al and Takata et al
concluded that collagen membranes are better than e-PTFE
membranes in fibroblastic or osteoblastic cell attachment,
migration, or matrix formation.24,25 Membrane stability
appeared to be related to the ability of cell attachment and
matrix formation on membranes.
Histological examinations from the present study
exhibited many inflammatory cells in and around e-PTFE
membranes whereas no tissue infiltration was observed in
the n-PTFE group. Machtei et al and Zucchelli et al both
indicated that the presence of connective cells on retrieved
membrane is related to sites with greater clinical suc-
cess.26,27 Yoshinari et al found mononuclear inflammatory
cells such as B and T cells in e-PTFE membranes.28 Schenk
et al29 and Piattelli et al7 found bone in the external sur-
face and inside the interconnected nodes of e-PTFE mem-
brane retrieved from surgical sites. Wakabayashi et al also
demonstrated that cells cultured from retrieved mem-
branes had mineralization potential.30 The connective tis-
sue or bone cells may be important in tissue integration
with subsequent wound stabilization and clinical success.
Collagen membranes tested in the present study
appeared to accelerate flap stability, vascularization, and
epithelization; therefore, the fenestration defects healed
almost completely. No signs of inflammatory cell infiltration
were detectable inside and around collagen membranes. In
clinical and histological observations, Friedmann et al
indicated that collagen barriers promoted soft tissue heal-
ing and showed minimal signs of inflammation, even in
patients who experienced membrane exposure.10 The au-
thors also indicated that all clinical dehisced areas healed
completely and temporary exposure of collagen mem-
branes did not interfere with underlying bone mineraliza-
tion and maturation. Kasaj et al evaluated the biological
effects of various bioabsorbable collagen membranes and
nonresorbable membranes in cultures of primary human
gingival fibroblasts, periodontal ligament fibroblasts and
human osteoblast-like cells in vitro. Results suggested that
GTR membrane materials per se may influence cell
Figure 5 Histologic examination of the punch-out tissue margin of e-PTFE at one site 2 weeks after surgery. (A) Punch-out tissue
margin of e-PTFE (yellow broken circle); (B) e-PTFE tissue area (lower filled circle), membrane exposed area (upper broken circle);
(C) e-PTFE tissue area. Histologic examination of the punch-out tissue margin of e-PTFE showed blood clots with numerous
inflammatory cells around and within the membrane; and (D) membrane exposed area. Areas of exposed membrane showed
extensive bacterial colonization and penetration.
Figure 4 Histologic examination of the soft tissue healing of defects: (A) control; (B) e-PTFE; (C) n-PTFE; and (D) collagen
membrane. Compared to the control (A), e-PTFE-treated site (* in B) showed blood clots with numerous inflammatory cells around
the membrane (B, arrow). n-PTFE membrane was detached from the tissues (C). Epithelium (E) grew into the area between the
tissues and membrane near the exposure area. Several inflammatory cells (C, arrow) were observed. Complete regeneration of oral
epithelium was observed and collagen membrane appeared intact 2 weeks following surgery (* in D).
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regeneration. Among the six membranes examined, the
bioabsorbable membranes demonstrated to be more suit-
able to stimulate cellular proliferation compared to non-
resorbable PTFE membranes.31
Although collagen membranes promoted soft tissue
healing significantly, they have no space-making ability and
are not indicated for non-spacemaking defects unless they
are used in combination with bone grafts. In addition, the
in vivo soft tissue fenestration model used in the present
study is different from extraction sockets or bone defects.
Extrapolation of the results from this study requires caution.
In summary, the present study showed that collagen
membranes may promote punch-out soft tissue healing
whereas e-PTFE and n-PTFE may interfere with healing.
The impact of soft tissue healing on the efficacy of guided
bone regeneration deserves further evaluation.
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